In the present work, the size dependent electronic and optical nonlinearities of InP/ZnS core/shell quantum dot are investigated. The impurity states in InP/ZnS core/shell quantum dot are studied taking into account the geometrical confinement effect. The energy eigen values and the exciton binding energies are found using variational formulism with two variational parameters. Some nonlinear optical properties are concentrated. The exciton binding energies, optical band gap and the optical gain, in InP/ZnS quantum dot, are obtained. The optical gain as a function of photon energy is found using compact density approach. The optical gain in any reduced dimensional semiconductor system proposes an essential information about the heterostructure. The larger exciton binding energy of InP/ZnS quantum dot implies the wider size tuning within the strong confinement region. It has been observed that InP/ZnS core /shell quantum dots are safer, low toxicity and environmental friendly and is considered to be an alternative to CdSe/ZnS based quantum dots which cannot be used for bio-medical applications.
Introduction
Quantum dots (QD) with the exotic physical and chemical properties show great interests in the optical applications such as laser diodes, sensors and light emitting diodes (LED). Size quantization in all the directions are involved in any quantum dot which picks up the name, artificial atom. Geometrical size tunable energy band gaps, virtuous photostability and high efficiency are some superior properties which are required for fabricating the best QD-LEDs. InP based LEDs have proven easy to synthesize having superior electro-optical properties [1] . Size tunable absorption and emission spectra using InP materials have been performed in the visible and near infrared wavelength ranges [2] . Biorelated application of InP quantum dots as efficient energy donors for resonance energy transfer has been reported earlier [3] . Size dependent electronic properties of InP quantum dots based on density functional theory have been investigated and a reliable analytical equation has been described with the change of energy band gap as a function of size [4] . Colloidal dispersions of InP/ZnS nanoparticles have been prepared using a single-step heating-up method relying at low temperature and the optical properties have been studied [5] . The third-order optical nonlinearities of high-quality colloidal InP/ZnS core-shell quantum dots using Z-scan technique with femtosecond pulses have been studied and suggested that this core/shell material could be applied for a variety of potential applications [6] . Considering the environmental facts, Cadmium free LEDs such as InP based LEDs are preferred for focusing green synthesis leading to low cost preparation. Especially, InP/ZnS core/shell QD-LEDs exhibit more than 80% efficiency [7] . The core/shell quantum dot heterostructures are given attention due to the encapsulation in many systems which can employ effectively as active materials in a lot of optical applications. Size dependent tunable effective band gap of the above systems can be used for fabricating novel optical devices within the control over emission wavelength especially in the fibre optical communication with the minimum loss.
Theoretical Formulism
InP is taken as shell material with the inner radius, Rc and the dielectric constant, εc, embedded on an outer core shell, ZnS, material with the outer radius, Rs and the dielectric constant (εs). The two particle Hamiltonian, within the single band effective mass approximation, is given by
where i=e,h refer the carrier choice, 
The dielectric constant of the inner core material is greater than the shell material. It follows as
where εc and εs are the dielectric constants of core and the shell materials respectively. The barrier potentials,
, related to the band offsets in the InP/ZnS structure are given by
where 
The envelope function is the multiplication of radial wave functions and angular parts of electron and hole wave functions. The eigen state of the wave function can be written in the form of
with ) (r R nl and lm Y are the radial and the spherical harmonic wave functions respectively.
The assumed single particle wave function of the exciton is followed as
is the ground state solution of the Schrödinger equation for the electron (hole) in the absence of the Coulomb interaction as given in Eq. (7) and N is the normalization constant. λ is the variational parameter. The assumed wave functions of exciton must satisfy the continuity condition at the boundaries of inner and outer materials of hetero-structure. This can be helped to determine the respective binding energies of exciton with the inclusion of spatial confinement effects. Thus, the variational parameter is employed to obtain the exciton ground state energy by minimizing Eq.(1)
The exciton binding energy of the system is given as
with Ee and Eh are the energy eigenvalues of the single electron and hole without the interaction term between them. The expression for the laser induced optical gain for the interband optical transitions is given by [8] 
where e is the absolute value of the electron charge,  is the permeability For this purpose, we use the single band effective mass approximation and expand the electron wave function in an appropriate set of orthonormal functions. Then, by using the density matrix approach, within a two-level system approach, the explicit expressions for the nonlinear optical properties computed in a saturation limit.
Results and Discussion
The binding energies due to heavy hole exciton are found employing variational formulism as the heavy holes are often used in experimental sides. The electronic properties are obtained using variational approach whereas the optical properties are dealt using the compact density matrix method with the iteration process. In Fig. 1 , the variation of optical gain as a function of photon energy is shown for the InP/ZnS core /shell quantum dot with the constant electron density. The dot radius is taken as 40 Å and the electron density is taken as 2×10 6 cm -1 . The optical gain in any low dimensional semiconductor offers an important information about the heterostructure [9] . The corresponding lasing wavelength is observed to be 1.551 μm which is the range of wavelength in telecommunication network for the optical window system to minimize the loss [10] . Generally, the fiber-optic communication is mainly conducted in the wavelength region (1.3 µm -1.55 µm) in which the optical fibers have minimum transmission loss. Thus, the desired output wavelength for fibre optical communication can be achieved in the present system with InP/ZnS heterostructure core/shell quantum dot. 
Conclusion
The fiber-optic communication is mainly conducted in the wavelength region (1.3 µm -1.55 µm) in which the optical fibers have minimum transmission loss. Thus, the desired output wavelength for fibre optical communication can be achieved in the present system with InP/ZnS heterostructure core/shell quantum dot.
